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A FAST SAMPLE-AND-HOLD PEAK DETECTOR CIRCUIT 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This Invention relates to circuitry for detecting peak levels of signals and particularly fast 
sampfe-and-hofd peak detectors for analyzing signals of generally arbitrary wave shape and 
form having a high precision, high slew-rate, very short retention, and a low distortion. 



Background 

Peak signal detectors are widely known and useful circuit devices. A peak detector may be 
used in an analog-to-digital signal converter, as a demodulator, or as a diagnostic tool. 
Various circuit solutions have been suggested for providing peak signal indications. Among 
them are peak envelope detectors, sampie-and-hold peak detector circuits and level sensing 
circuits. Known solutions have a wide variety of limitations and disadvantages, including 
limitations on large amplitude operating range and frequency range and inability to approach 
true peak level detection. 

What is needed is a peak detector which approaches true peak detection over a wide 
frequency range with high precision, high slew-rate, very short retention, and a low distortion. 

A technique of detecting an analog signal at high speed and converting it into a digital signal 
has recently been essential to networking and multimedia. There a sample-and<-hold peak 
detector circuit js necessary for an anatog-to-digital conversion. As one method of the 
sample-ahd-hold peak detector circuit, there is a combination of a high-speed switch circuit 
and a voltage holding capacitor, for catching analog signals sampled in a short time slot and 
holding their peak values. 

For circuits processing digital signals only, and circuit for optical telecommunications and 
optical interconnects, for signal readout circuits for a magnetic memory and semiconductor 
memory, and the like, the input signal levels of which are varied and unclear, for all these 
circuits, it is important that an input signal level of the preamplifier is detected automatically 
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to determine the optimum operation point and minimize a distortion of waveform of a 
reproduced pulse. 

In order to minimize the distortion, an automatic discrimination type waveform reproduction 
circuit has been employed which detects and normalizes a peak level of an input pulse signal 
to always discriminate the pulse signal by half the amplitude of the pulse signal Irrespective 
of variations in the level of the input pulse signal. 

Peak detectors are also used for signal surveillance. For instance, input loss of signal (ILOS) 
detection is crucial for a wide range of devices. Here a peak detector is used to indicate 
whether a signal is absent by detecting no peaks. 

It is a sample-and-hold peak detector circuit that is important in common to the foregoing 
examples. In particular, it is desirable for a circuit for processing a signal with an arbitrary 
pattern, such as the optical interconnection, to respond to a burst waveform and it is 
important to respond at high speed of not less than nanoseconds in order to correctly detect 
and hold a peak value of the first-input pulse. Recently there have been great demands that 
the sample-and-hold peak detector circuit should be relatively small in size or compact so as 
to be incorporated into an IC without any extemal capacitor. Also there have been demands 
for low power consumption in order to incorporate the sample-and-hold peak detector circuit 
into a multi-channel array, as well as a demand for a compensation of the technology 
dependent charging and discharging current A further demand is the technology 
independence as well as the temperature and power supply independence of the sample- 
and-hold characteristics. 

In US Patent No. 5,986,481 KaminshI describes the fundamental arrangements of known 
prior art sample-and-hold peak detector circuits, illustrated in Fig. 1 and Fig. 2. The operation 
principle of each circuit is as follows. In the circuit of Fig. 1, a pulse input to an input tenminal 
of a differential amplifier constituted of transistors T1 and 12, is compared with an output 
voltage of the sample-and-hoid peak detector circuit and, If the voltage of the input pulse is 
higher than the output voltage with respect to Vee. an error is amplified and the base voltage 
of a switching transistor T3 is increased. Transistor T3 is turned on to start discharging a 
voltage holding capacitor C1 . When the output voltage of the emitter follower circuit of a 
transistor T4 reaches the voltage of the input peak, the base voltage of the transistor T3 is 
lowered to cut off the current flowing into the transistor T3. If the top voltage of the input 
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pulse IS maintained until the current is cut off the voltage with which the voltage holding 
capadtor C1 is discharged, becomes equal to the peak voltage of the input pulse. 

Since the leak peak current of the transistor T4 is low, the time constant of charging of the 
capacitor is large and Its peak voltage is maintained. 

The operation of the switching transistor T3 will be described in more detail. The transistor 
T3 is a bipolar transistor and thus has a characteristic of causing a current to flow 
exponentially with respect to a base-to-emitter voltage. When the amplitude of base«to- 
emitter voltage is small, the dynamic impedance is high, the injected current is small, and the 
peak transit time is long. On the other hand, when the amplitude exceeds a certain value, the 
impedance is drastically lowered and the charging time is too short, with the result that a 
feedback is delayed and so is the cutoff of the switching transistor, thus causing an 
overshoot of the output voltage. 

Consequently, an input voltage range for normally operating the circuit is restricted, and it Is 
difficult to widen an input dynamic range. If the input voltage is too high, a collector current 
may flow through the transistors beyond a tolerable range, and the cutoff frequency may 
decrease, thereby causing a delay in response. 

A circuit capable of excluding the above drawbacks to some extent, is shown in Fig. 2. In the 
circuit of Fig. 2, the voltage holding capacitor C1 is charged with a current which is almost 
proportional to the amplitude of an error voltage by a current output amplifier using a PNP 
transistor In place of a switch of an NPN transistor (shown in Fig. 1) with drastically changing 
impedance. In the circuit of Fig. 2. a power supply voltage needs to be higher than that of the 
circuit of Fig. 1 and the PNP transistor should satisfy a high speed operation. 

In general, however, the bandwidth of the PNP transistor is about one-tenth of that of the 
NPN transistor; thus, the circuit of Fig. 2 has an essential problem that a high-speed 
operation cannot be satisfied. 

The problem of the circuit shown In Fig. 1 on principle is an exponentially, nonlinear 
response to an input voltage of a switching transistor. However, this problem can be resolved 
if, as in the circuit of Fig. 2, the NPN switching transistor is operated so as to exhibit a linear 
response to the input voltage. 
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A high gain feedback amplifier may be useful for the sample-and-hold peak detector circuit in 
order to linearly operate an element originally having a remarkably nonlinear characteristic, 
in this case, usually, there occurs a problem that a high-speed operation cannot be carried 
out due to a delay in a high gain feedback as well as a problem that a large-sized circuit 
increases in chip area and thus In power consumption. 

BRIEF DESCRIPTION OF THE INVENTION 

The invention is based on the idea of definable matching characteristics, i.e. definable time 
parameter via discharge current compensation and defined] constant current sources. 

• • ^1 

The circuit according to the invention consists of four coupled parts: a comparator circuit, a 
sample and hold circuit, a compensation circuit, and an unload circuit. 

The circuitry for generating an output signal representative of peak level signals over a wide 
frequency range according to the invention comprises a comparator circuit at a first control 
input to receive an arbitrary input signal and providing a fixed reference signal for 
comparison with a varying signal across a charge stored in a sample and hold circuit The 
circuitry further comprises a switch coupled to the comparator for controlling a first current for 
chiarging the sample and hold circuit, and a compensation circuit for compensation of defect 
currents. Furthemiore the circuitry comprises an unload circuit for allowing controlling the de- 
charging characteristic. 

OBJECTS AND ADVANTAGES OF THE INVENTION 

The invention is a Sample-and-Hold Peak Detector Circuitry comprising a comparator 
circuit comprising two signal inputs and a signal output, where the output signal depends 
from the difference between the input signals, a sample and hold circuit comprising switching 
means controlled by said signal output for sampling and holding means (Chold) for holding 
the output signal, a compensation circuit for compensating defect currents comprising 
emulating means for emulating defect currents caused by said comparator circuit influencing 
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the functionality of said sample and hold circuit, and an unload circuit comprising a clearing 
mean's for decreasing the output signal (Vpeak) of said sample and hold circuit. 

The compensation circuit might comprising a current mirror circuit mirroring defect currents 
emulated by said emulating means. And it might comprising copies of parts of the 
comparator circuit as emulating means. 

The unload circuit might comprising a constant current source. This constant current source 
might be an adjustable constant current source. And it might be realized by multiple 
switchable constant current sources. The switchable constant current sources might be 
switchable by transfer gates. 

The comparator circuit is implemented in differential logic. And the comparator circuit 
comprising of an current switch and a constant current source. The differential logic is 
differential emitter coupled logic. 

Accordingly, it is an object and advantage of the present invention to provide a particularly 
fast sample-and-hold peak detector for analyzing signals of generally arbitrary wave shape 
and form having a high precision, high slew-rate, very short retention, and a low distortion. 

These and other objects and advantages of the present invention will become apparent to 
those of ordinary skill in the art from a consideration of the drawings and ensuing description. 

BRIEF DESCRIPTION OF THE FIGURES 

The accompanying drawings, which are incorporated in and constitute a part of the 
specification, illustrate presently preferred embodiments of the invention, and together with 
the general description given above and the detailed description of the prefenred 
embodiments given below, serve to explain the principles of the inventipn. 

Fig. 1 is a circuit diagram showing an example of a prior art sample-and-hold peak detector 
circuit; 

Ffg. 2 is a circuit diagram showing another example of the prior art samp(e-and-hold peak 
detector circuit; 
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Fig- 3 is a circuit diagram illustrating a sample-and-hold peal< detector circuit of ihe present 
invention; 

Fig. 4 is a circuit diagram illustrating an example of a sample-and-hold peak detector circuit 
according the present invention; 

Fig. 5 is a diagram showing the output voltage of a sampie-and-hold peak detector circuit 
with a large hold time according to the present Invention; 

Fig. 6 is a diagram showing the output voltage of a sample-and-hold peak detector drcuit 
with a small hold time according to the present invention; 

DETAILED DESCRIPTION OF THE INVENTION 

Those of ordinary skill in the art will realize that the following description of the present 
Invention is Illustrative only and is not intended to be In any way limiting. Other embodiments 
of the Invention will readily suggest themselves to such skilled persons from an examination 
of the within disclosure. 

Fig. 3 shows principle circuit diagram of a sample-and-hold peak detector according to the 
invention. The diagram consists of four parts: a comparator 'Comparator circuit*, a sample- 
and-hold circuit 'Sample&Hold circuit', a compensation circuit 'Compensation circuit', and an 
unload circuit 'Unload circuit*. 

The comparator 'Comparator circuit' consists of an current switch implemented with two 
bipolar transistors Q1 and Q2. two resistors R1 and R2. and a constant current source 10. 
The sample-and-hold circuit 'Sample&Hold circuit* consists of a charging current source 11, 
an electronic switch SW, as well as a capacity Chold. 

The compensation circuit 'Compensation circuit' consists of a current mirror implemented 
with two positive channel Field Effect Transistors (pFETs) PI and P2, as well as a bipolar 
transistor Q6, and a constant current source 12 serving half of the current of 10. 
The unload circuit 'Unload circuit* consists of multiple constant current sources for 
determining the de-charging current of the capacity. 
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The 'Comparator circuit' building a voltage comparator, comparing the input signal voltage 
Vin with the output signal voltage Vpeak. Supposing the capacity Chold is uncharged. If Via 
is greater than Vpeak, the electronic switch SW will be closed. This has the effect that the 
capacity Chold will be loaded by a switchable current source 11 , and the potential at the 
output will increase, the comparator will detect if Vpeak has reached Vin and shall release 
the electronic switch SW. The voltage Vpeak remains stored by the capacity Chold, The 
procedure Iterates If, Vin is greater than Vpeak. 

The characteristic for unloading of the hold voltage Vpeak (in case of an open electronic 
switch SW) is determined by the base current of transistor Q2 and the capacity Chold. 

The 'Compensation circuit' has the functionality to compensate the base current of transistor 
Q2 de-charging the capacity Chold. Therefore, the base current of transistor Q6 is mirrored 
by the transistors P1 and P2 for charging the capacity Chold. The current through P2 is 
identical with the base current of transistor Q6 over the transistor P1, if P1 and P2 are 
identical as well as if Q2 and Q6 are identical, and the constant current source 12 serves the 
halve of the current of 10. This compensation is necessary because otherwise the base 
current of Q2 will uncontrolled unload the capacity Chold inhibit to define an exact de- 
charging time. 

The 'Unload circuit' determines exactly the de-charging of the capacity Chold by the constant 
current source 13, serving currents lconst(1,.n). 

Fig. 4 shows a detailed circuit diagram of a sample-and-hold peak detector according to the 
invention. The four parts of the principal circuit diagram: 'Comparator circuit', 'Sample&Hold 
circuit*, 'Compensation circuit', and 'Unload circuit' are detailed. 

The 'Comparator Circuit' consists of a two-stage bipolar amplifier to ensure the comparator 
functionality. This has the effect of high precision and low overshoot. The first stage is 
realized by the transistors Q1 and Q2 and the collector resistors R1 and R2. Transistor Q10 
and resistor R10 are designed to be the current source of the amplifier. The second stage . 
consists of the transistors Q7 and Q8 and the collector resistors R2 and R4. Transistor Q15 
and Resistor R15 are forming the current source of the second stage. Both amplifier stages 
are coupled via emitter-followers. A first emitter-follower pair consists of the transistors Q3 
and Q4 with the current sources implemented by the transistors Q1 1 with resistor R1 1 and 
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transistor Q12 with resistor R1 1. A second emitter-follower pair consists of the transistors Q5 
and Q6 as well as the corresponding current sources, formed by transistor Q13 and resistor 
R1 3 as well as transistor Q1 4 and resistor R1 4. 

The 'Sample&Hold circuit' comprises a transistor Q9 and the capacity Chold. Transistor Q9 
works as a switch triggered by the output voltage of the 'Comparator circuit' (collector of Q7). 
By using a bipolar transistor a high slew rate is achieved. 

The 'Compensation circuif is realized by a current mirror P1 and P2 as well as the bipolar 
transistor Q2D having a current source Q10D with R10D. The current source has half of the 
value of the cunrent source Q10 with R10. This ensures that the capacity Chold is charged 
with the cun-ent flowing of through the basis of transistor Q2. 

The 'Unload circuit' comprises multiple cun-ent sources Q23 wth R23, Q22 with R22. Q21 
with R 21 , and Q20 with R20. The cunrent sources are defined by a reference current Iref 
unloading well defined the capacity Chold. The switches for selecting the unloading current 
might be implemented by transfer gate switches. 

Fig. 5 shows the output voltage of a sampfe-and-hold peak detector circuit according to the 
present invention with a large hold time; realized by a small de-charging current The peak 
detector reaches within c.a. 7ns the peak value of the input signal and holds this value for 
further 10ns even without new input. 

Fig. 6 shows the output voltage of a sample-and-hold peak detector circuit according to the 
present Invention with a large hold time; realized by a large de-charging current The peak 
detector reaches within c.a. 7ns the peak value of the input signal but the output voltage is 
decreasing now immediately. After further 10ns the output voltage has decreased from 3.42\/ 
below 3.40V- 

Alternative Embodiments 

Although illustrative presently preferred embodiments and applications of this invention are 
shown and described herein, many variations and modifications are possible which remain 
within the concept, scope, and spirit of the invention, and these variations would become 
clear to those of skill in the art after perusal of this application. 
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' For example, the invention can be used with any type of transistor technology and 
semiconductor technology. The invention, therefore, is not intended to be limited except in 
the spirit of the appended claims. 
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CLAIMS 

What is claimed is: 



1 . A Sample-and-^Hoid Peak Detector Circuitry comprising 

- a comparator circuit (Comparator Circuit) comprising two signal inputs (Vin. Vpeak) 
and a signal output (SW), where the output signal depends from the difference 
between the input signals, 

- a sample and hold circuit (Sample&Hold Circuit) comprising switching means (SW) 
controlled by said signal output for sampling and holding means (Chold) for holding 
the output signal (Vpeak). 

- a compensation circuit (Compensation Circuit) for compensating defect currents 
comprising emulating means (Fig. 3 Q6, 12; Fig. 4 Q2D, Q10D, R10D) for emulating 
defect currents caused by said comparator circuit (Comparator Circuit) influencing the 
functionality of said sample and hold circuit (Sample&Hold Circuit), and 

- an unload circuit (Unload Circuit) comprising a clearing means (Fig, 3 13; Fig. 4 Q20, 
Q21 . Q22. Q23, R20. R21 . R22, R23) for decreasing the output signal (Vpeak) of said 
sample and hold circuit. 

2 The Circuitry according to claim 1 where said compensation circuit (Compensation Circuit) 
comprising a current mirror circuit (Fig. 3,4 P1, P2) mirroring defect currents emulated by 
said emulating means (Fig. 4 Q2D. Q10D. R10D) . 

3. The Circuitry according to claim 1 where said compensation circuit (Compensation 
Circuit) comprising copies of parts (Fig. 3 Q2. 10; Fig. 4 Q2, Q10. RIO) of the comparator 
circuit (Comparator Circuit) as emulating means (Fig. 3 Q6, l2Fig. 4 Q2D, Q10D, R10D). 

4. The Circuitry according to claim 1 where said unload circuit (Unload Circuit) comprising a 
constant current source (Fig. 3 13, Fig. 4 Q20. Q21, Q22. Q23. R20, R21, R22, R23). 

5. The Circuitry according to claim 4 where said constant current source is an adjustable 
constant current source (Fig. 4 Q20. Q21 , Q22. Q23, R20. R21 . R22, R23, Iref). 
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6. The Circuitry according to claim 5 where said adjustable constant current source is 
realized by multiple switchable constant current sources (Fig. 4 Q20, Q21, Q22, Q23, R20. 
R21,R22.R23). 

J" 

7. The Circuitry according to claim 6 where said switchable constant current sources (Fig. 4 
Q20. Q21, Q22, Q23, R20, R21, R22, R23)are switchable by transfer gates. 

8. The Circuitry according to claim 1 where said comparator circuit (Comparator Circuit) is 
implemented in differential logic. 

9. The Circuitry according to claim 1 where said comparator circuit (Comparator Circuit) 
comprising of an current switch (Fig. 4 Q1, Q2) and a constant current source (Fig. 4 Q10, 
R10). 

10. The Circuitry according to claim 8 where said differential logic is differential emitter 
coupled logic. 
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ABSTRACT 

This Invention relates to circuitry for detecting peak levels of signals and particularly fast hold 
and sample peak detectors for analyzing signals of generally arbitrary wave shape and form 
having a high precision, high slew-rate, very short retention, and a low distortion. The 
Circuitry comprising a comparator circuit (Comparator Circuit) comprising two signal inputs 
and a signal output, where the output signal C^peak) depends from the difference between 
the input signals (Vin, Vpeak). a sample and hold circuit (Sample&Hold Circuit) comprising 
switching means (SW) controlled by said signal output for sampling and holding means 
(Chold) for holding the output signal (Vpeak), a compensation circuit (Compensation Circuit) 
for compensating defect currents comprising emulating means (Q6, 12) for emulating defect 
currents caused by said comparator circuit (Comparator Circuit) influencing the functionality 
of said sample and hold circuit (Sample&Hold Circuit), and an unload circuit (Unload Circuit) 
comprising a clearing means (13) for decreasing the output signal (Vpeak) of said sample and 
hold circuit (Sampte&Hofd Circuit). 

Figure 3. 



Michael W. Hoche 
DOCKET 113511 



Page 17 



07/24/02 



Vcc 



R1 



CI 



INPUT 



Vbb- 

FIG.1 

PRIOR ART 



OUTPUT 



Vee 



CI 



► Vcc 



INPUTO-<| 7?' 72p 



Vbb- 



-O OUTPUT 



FIG.2 

PRIOR ART 



R 



Vee 



Michael W. Hoche 



Page 12 



07/23/02 



o 

CL 
> 















to 




load 


cuit 


C 

o 


1 


c 








r3 


O 







c 
o 



o 

h 

O 

o a' 




CM 

Ok 







o 




X 




ca 




CD 




CL 




E 


O 


o 




CO 





3= 

CO 



o 




CM 
O 



o 



CL 
> 



i a 3 

: C ^ 



I C 

I o 

i O.h 



: 2 

O 

:X 
i ^ 
\ c o 



O 

o 

0.3 

c o 
o 

O o 



to 



•-VW' 



1 — -A/W* 



He 



5J 



Hp 



} II S 

li S 



0) 

> 



•AAAr--' 




P.B.5818 - Patentlaan 2 
2280 HV Rijswijk (ZH) 
'"Z +31 70 340 2040 
TX 31651 epo nl 
FAX +3170 340 3016 



Europaisches 
Patentamt 

Zweigstelle 
in Den Haag 
Recherchen- 
.abtftiluno 




Europedn 
Patent Office 

Branch at 
The Hague 
Search 

fiivision 



Departement a 
La Haye 
Division de la 
recherrhP 



Brose, Gerhard, Dipl.-Ing. 
Alcatel 

Intellectual Property Department, Stuttfla^^^ ^ 

70430 Stuttgart j Finqang bei ZPL 

' 00. JAM 200 3 



ALLEMAGNE 



Term. 



L 



J 



DalutWOale 

10.01.03 



Zeichen/Ret./R6t. 

113 511 



Anmeldung NryApplication Nc/Demande n"" ./Patent Nr ./Patent NoVBrevet n**. 

02360224.6-2206- 



Anmelder/AppIicanl/Demandeur/Patenlinhat»er/Pit>prielor/Ti!ulaire 

ALCATEL 



COMMUNICATION 

The European Patent Office herewith transmits as an enclosure the European search report for the 
above-mentioned European patent application. 

If applicat)le. copies of the documents cited in the European search report are attached. 

□ Additional set(s) of copies of the documents cited in the European search report is (are) enclosed 
as well. 

The following specifications given by the applicant have been approved by the Search Division: 
OD abstract 00 title 

□ The abstract was modified by the Search Division and the definitive text is attached to this 
communication. 



The following figure will be published together with the abstract: 



REFUND OF THE SEARCH FEE 

If applicable under Article 10 Rules relating to fees, a separate communication 
from the Receiving Section on the refund of the search fee will t)e sent later. 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppHcatioii Number 

EP 02 36 0224 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



X 
A 



US 5 986 481 A (KAMINISHI KATSUJI) 
16 November 1999 (1999-11-16) 

* the whole document * 

US 5 995 166 A (KAWANO TSUTOMU) 
30 November 1999 (1999-11-30) 

* column 8, line 23 - column 17, line 4; 
figures 2,5 * 

US 4 038 568 A (NASUTA JR ANTHONY T ET AL) 
26 July 1977 (1977-07-26) 

* column 2, line 17 - column 4, line 10; 
figure 1 * 

PATENT ABSTRACTS OF JAPAN 
vol. 1999, no. 01, 
29 January 1999 (1999-01-29) 
& JP 10 267967 A (TOSHIBA CORP), 
9 October 1998 (1998-10-09) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 007, no. 234 (P-230), 
18 October 1983 (1983-10-18) 
& JP 58 122698 A (SONY KK), 
21 July 1983 (1983-07-21) 

* abstract * 



1-10 ^ 



1,4,5,8, 
9 

2,3,6,7, 
10 



G11C27/02 



1-10 



1,3,8,9 



1-10 ^ 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



GllC 



The present search report has tjeen drawn up for all claims 



Race ol search 

MUNICH 



Date of completion of thie search 

23 December 2002 



Henderson, R 



CATEGORY OF CITED DOCUMENTS 



X ; particularly relevant If taken alone 

Y : particularly relevant if combined with another 

docunnent of the sanne category 
A : technological background 
O : non-wrftten disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : eartler patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, con-esponding 
document 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 36 0224 



This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is In no way liable for these particulars which are merely given for the purpose of information. 

^ 23-12-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



us 5986481 


A 


16-11-1999 


JP 


10267967 


A 


09-10-1998 








JP 


3340345 


B2 


05-11-2002 








JP 


10268954 


A 


09-10-1998 


US 5995166 


A 


30-11-1999 


JP 


10191101 


A 


21-07-1998 


US 4038568 


A 


26-07-1977 


NONE 








JP 10267967 


A 


09-10-1998 


US 


5986481 


A 


16-11-1999 


JP 58122698 


A 


21-07-1983 


NONE 









5 

a 

u. 

2 

in For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



